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Edited by Irmgard SinningAbstract Ypt/Rab GTPases and Sec1/Munc18 (SM) proteins
are key components of the membrane fusion machinery. Here,
we describe new mutants of the yeast SM protein Sly1 that spe-
ciﬁcally bypass the need for GTPases Ypt1 and Ypt6 in vesicular
transport. All sequence alterations are conﬁned to a short a-helix
(a-20), which is conserved in fungal Sly1 proteins and, when
deleted, results in GTPase suppression. Whereas Sly1p of the
evolutionarily distant ﬁssion yeast Schizosaccharomyces pombe
can functionally replace Sly1p in Sacchromyces cerevisiae, mam-
malian homologues cannot. This indicates that a-20 in fungal
Sly1p plays an important role in mediating Ypt/Rab-regulated
Sly1p function in membrane fusion.
 2007 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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Vesicular protein transport between organelles of the bio-
synthetic and endocytic pathways in eukaryotic cells involves
groups of related proteins that determine speciﬁcity, direction-
ality and eﬃciency of cargo movement and allow a dynamic
equilibrium of membranes of donor and acceptor compart-
ments. As a well-studied example, fusion of transport vesicles
with Golgi compartments in yeast requires (i) the Ypt/Rab
GTPase Ypt1p that recruits vesicle tethering factors to the
membranes to be fused, (ii) receptors on opposing membranes
(the syntaxin Sed5p and nonsyntaxin SNAREs Bet1p, Bos11p
and Sec22p) that, after pairing, are thought to drive fusion,
and (iii) the Sec1/Munc18 (SM) protein Sly1 that acts down-
stream of the tethering complexes [1,2, for review].
Sly1p which binds the Golgi syntaxin Sed5p with high aﬃn-
ity [3] was originally discovered as a mutant with the interest-Abbreviations: ER, endoplasmic reticulum; SNARE, soluble N-ethyl-
maleimide-sensitive factor attachment protein receptor; COG, con-
served oligomeric Golgi
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doi:10.1016/j.febslet.2007.11.033ing property of suppressing the loss of the otherwise essential
Ypt1p function [4]. Sly1p, like other SM proteins, is itself
essential for membrane fusion and appears to coordinate the
function of the Ypt1-GTPase and soluble N-ethylmaleimide-
sensitive factor attachment protein receptor (SNARE) pro-
teins. Recent studies have shown that Sly1p [5–7] as well as
Munc18-1/nSec1 [8] also bind to nonsyntaxin SNAREs and
core SNARE complexes. Which of the interaction(s)
account(s) for SM protein’s essential function in membrane
fusion remains to be characterized.
A single amino acid substitution (E532K) was found to gen-
erate a dominant mutant, termed SLY1-20, that is able to not
only bypass the deletion of YPT1 [4] but also defects of, for
example, the tethering factors Uso1p [9] and conserved oligo-
meric Golgi (COG) subunit Sec35p [10], and of the GTPase
Ypt6 [11]. Ypt6p, the GTPase primarily involved in retrograde
transport from endosome(s) to the endoplasmic reticulum
(ER) [12], can apparently act as a substitute for Ypt1p under
such conditions [13]. Glutamic acid in position 532 of Sly1p
is part of a short helix (a20) which, together with a21, has been
hypothesized to serve as a lid shielding, in a Ypt1p-dependent
manner, the rather well conserved helical surface hairpin com-
prised of a13 and a14 [14].
In a yeast mutant collection from which SLY1-20 was orig-
inally isolated [4], we have now found a second mutant, termed
SLY1-15, having the same suppressor activity. In Sly1-15p, the
neighbour of E532 in a-helix 20, threonine-531, is changed to
isoleucine. In an attempt to further understand structural alter-
ations of Sly1p leading to GTPase suppressor activity, we have
generated several other mutations in a20 and surrounding se-
quences, and have inquired into the evolutionary conservation
of this important sequence element.2. Materials and methods
2.1. Yeast strains and plasmids
Yeast strains used in this study are shown in Table S1 of supplemen-
tary data. Standard growth conditions and genetic methods for yeast
cells were followed. Yeast was grown in YPD or in selective media with
the necessary additions. Human SLY1 was isolated by RT-PCR of
HEK cell mRNA, rat SLY1 cDNA was kindly provided by W. Balch
(USA). Schizosaccharomyces pombe SLY1 was ampliﬁed from a
cDNA library kindly provided by N. Ka¨ufer (Germany). The resulting
2 kb PCR products were subcloned into either low copy (pYX112) or
multi copy (pYX222) plasmids and the gene products were HA-tagged
at their C-terminal ends.blished by Elsevier B.V. All rights reserved.
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From a collection of ethyl methanesulfonate-treated yeast cells [4],
YPT1-independent mutants were isolated, and gap-repair to rescue
chromosomal SLY1 gene sequences with in vitro engineered plasmids
was principally performed as described previously [4].2.3. Site-directed mutagenesis and screening for novel dominant SLY1
alleles
Point mutations in the SLY1 gene were generated and the pheno-
typic analyses of the mutants created were performed as previously de-
scribed [7].Fig. 1. Deletion of a-helix 20 of Sly1p results in YPT1 suppressor activity. (
a21, which partly shield a13 and a14, are highlighted in purple. (b) Sly1 muta
and expressed from recombinant plasmids rescue conditional ypt1 mutant
suspensions were plated on agar, and cell growth was followed at 25 C or
absence of YPT1. A diploid yeast strain with one copy of YPT1 replaced by
mutant gene and the URA3marker. After sporulation, colonies growing out o
properties were analyzed at 25 C or 37 C. The Ura+/His+ cells, whose gro
plasmid-borne dominant suppressor. Note that plasmid loss results in only a
Table 1
Amino acid substitutions and deletions introduced into a20 region of Sly1p
Substitution (deletion) Allele G
G529E L
L530E L
T531D L
T531S L
T531I SLY1-15 t
E532K SLY1-20 t
DE532 SLY1-10 t
G533E L
K534A L
K534E L
L535E L
Da20 (L530-G533) t
DG533 t3. Results and discussion
3.1. Novel SLY1 alleles can partially bypass YPT1
The Sly1 protein had been originally identiﬁed in yeast as the
product of a mutant gene, SLY1-20, which carried a single
amino acid substitution (E532K) and suppressed the require-
ment for the GTPase Ypt1p in ER-to-Golgi transport [4]. To
further screen for additional SLY1 mutants able to allow cell
survival in the absence of Ypt1p, we revived a collection of
mutagenized yeast cells from our previous study and identiﬁeda) Ribbon representation of the 3-domain structure of Sly1p. a20 and
nt proteins lacking either amino acid residue G533 or a20 (L530-G533)
cells from growth defect at nonpermissive temperature. Diluted cel
37 C. (c) Sly1 mutant protein lacking a20 allows cell growth in the
HIS3 was transformed with a recombinant plasmid carrying the SLY1
f tetrads were replica-plated onto Ura or Hismedia and their growth
wth was inhibited at 37 C, were those that lack YPT1 but harbour a
small number of Ura+/His+ colonies.
rowth phenotype GTPases bypassed
ike wild type
ike wild type
ike wild type
ike wild type
s (in the absence of YPT1) Ypt1p and Ypt6p
s (in the absence of YPT1) Ypt1p and Ypt6p
s (in the absence of YPT1) Ypt1p and Ypt6p
ike wild type
ike wild type
ike wild type
ike wild type
s (in the absence of YPT1) Ypt1p and Ypt6p
s (in the absence of YPT1) Ypt1p and Ypt6pl
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gap-repair and subjected to DNA sequence analysis. Three
of them carried the known E532K substitution, whereas the
other ﬁve had the neighbouring threonine (T531) changed to
isoleucine (Supplementary Fig S1a). The mutant gene encod-
ing Sly1(T531I)p, termed SLY1-15, behaved like SLY1-20
and supported the growth of cells lacking the essential compo-
nents of the ER-to-Golgi transport machinery Ypt1p [4] or
Sec35p [9] (Supplementary Fig S1 b,c). As each of the two mu-
tant genes was isolated several times from the collection of
mutagenized cells and no other SLY1 mutations with similar
properties were found, the screen was likely to be saturated.
As both amino acid substitutions are conﬁned to the short a-
helix 20 of Sly1p [14], it appears that the a20 sequence must
play a critical role for the interplay of vesicle tethering factors
and the SM protein. By site-directed mutagenesis we therefore
changed each single amino acid within, and two residues fol-
lowing a20 (Table 1). All mutants created allowed undisturbed
cell growth, even those with the conserved and nonconserved
substitutions T531S and T531D, respectively, but only the
deletion of amino acid residue E532 (mutant gene SLY1-10)Fig. 3. Comparison of Sly1p sequences of diﬀerent species corresponding to
yellow against black or red background. Dashed line above the S. cerevisiae
details see supplementary information.
Fig. 2. SLY-10, SLY1-15 and SLY1-20 mutant genes bypass YPT6 functio
temperature was rescued by mutant SLY1 alleles expressed from a CEN plasm
of Dypt31/ypt32 or sec4 conditional mutants at 37 C. Mutant genes were ex
2l-based plasmids.led to suppression of the loss of Ypt1-GTPase function like
the substitutions in Sly1-20p and Sly1-15p. Cells of a ypt1 dele-
tion strain that carried either of the two newly discovered dom-
inant SLY1 alleles in place of the chromosomal wild type
SLY1 gene exhibited almost complete growth inhibition at
37 C, indicating that all three dominant SLY1 mutants can-
not fully substitute for the lack of the essential GTPase Ypt1p.
3.2. Deletion of Sly1p a20 creates a dominant suppressor
It has been suggested [14] that a-helices 20 and 21, which
partially shield the outer surface of a conserved helical region
(a-helices 13 and 14) of Sly1p domain III (Fig. 1a), may act as
a lid to control Ypt1p-dependent functions of the SM protein,
and that the E532K substitution may lead to a permanent
opening of the lid. We therefore deleted a20 (amino acids
530-533), leaving intact one of the bordering glycines. This mu-
tant gene, when expressed from a low copy vector, could res-
cue a ypt1 ts strain from its growth defect at 37 C (Fig. 1b)
and, like SLY1-10, SLY1-15 or SLY1-20, allowed cells to even
grow in the absence of Ypt1p (Fig. 1c). This result could lend
credence to the lid hypothesis described above. Surprisingly,and around a-helix 20. Amino acid residues of a20 are highlighted in
sequence marks a disordered region found in Sly1p crystals [14]. For
n. (a) The growth defect of a ypt6 deletion mutant at non-permissive
id. (b,c) SLY-10, SLY1-15 or SLY1-20 cannot rescue the growth defect
pressed from a CEN plasmid, the SLY1 wild type gene from CEN or
Y. Li et al. / FEBS Letters 581 (2007) 5698–5702 5701however, the deletion of only G533 resulted in similar suppres-
sor activity (Fig. 1b) which could point to a structural rear-
rangement of the a20 region in this speciﬁc mutant.
In an earlier unpublished study we had observed that the
deletion of a20 led to lethality, but resequencing of the entire
SLY1 coding region revealed that this mutant gene carried in
addition a duplication of N348 and T349 in a-helix 13. A
mutant gene with only the duplication of N348/T349 turned
out to also produce a non-functional Sly1p (our unpublished
results), suggesting that unperturbed a-helix 13 might indeedFig. 4. S. pombe Sly1p but not human or rat Sly1p substitute for the function
rat (rSLY1) and S. cerevisiae on either CEN- or 2l-based vectors were expres
of HA-tagged human, rat and S. pombe Sly1 proteins in sly1-6 yeast mutant c
and immunoblot analysis with anti-HA antibodies. Expression in mutant cells
3, 4 in b, lane 3 in d), and in cells not expressing foreign proteins (lane 5 in
Fig. 5. Chimeric S. cerevisiae/S. pombe Sly1 protein is functional in buddin
(I527-G537) was replaced by the corresponding sequence of S. pombe Sly1p
and SLY1-20 were introduced into the S. pombe sequence and the resulting m
(b) or ypt6 (c) mutant cells at nonpermissive temperature. Note that both the
activity.serve an important function, perhaps as an interacting region
for SNAREs or unknown eﬀectors.
3.3. GTPase suppression is speciﬁc
The GTPase Ypt6p functions in retrograde transport to and
through the Golgi and possibly all the way to the ER [12].
Ypt6p appears to also act as a substitute for Ypt1p in
SLY1-20 mutant cells [13]. Previous studies had shown that
SLY1-20 can rescue yeast cells lacking Ypt6p or cells express-
ing a ts mutant of this GTPase at nonpermissive conditionsof S. cerevisiae Sly1p. (a,c) SLY1 of S. pombe (pSLY1), man (hSLY1),
sed in a sly1-6 temperature sensitive mutant at 37 C. (b,d) Expression
ells. Total protein of mid-log phase cells was subjected to SDS–PAGE
from CEN (lanes 1, 2 in b, and lane 2 in d) and 2l-based vectors (lanes
b, lane 1 in d).
g yeast. (a) An a20-containing sequence stretch of S. cerevisiae Sly1p
(F500-A514). Amino acid substitutions found in S. cerevisiae SLY1-15
utant proteins were analyzed for their ability to rescue conditional ypt1
chimeric Sly1-15 and the Sly1-20 proteins exhibit GTPase suppressor
5702 Y. Li et al. / FEBS Letters 581 (2007) 5698–5702[11,12]. We therefore investigated whether the newly identiﬁed
SLY1 mutant alleles bypassing the need for Ypt1p could also
suppress, like SLY1-20, the temperature-sensitive growth phe-
notype of a ypt6 deletion strain. This proved to be the case
(Fig. 2a). We also inquired into the possibility that Ypt31p/
Ypt32p and/or Sec4p, GTPases acting in vesicular transport
within and from the Golgi, and between the Golgi and the
plasma membrane, respectively, might be bypassed by diﬀerent
dominant SLY1 mutant alleles. As Ypt31p and Ypt32p are
functionally redundant [15], cells with the YPT31 gene deleted
and expressing a temperature-sensitive ypt32 mutant allele
were put to the suppressor activity study. The dominant
SLY1 genes were unable to either rescue conditional Dypt31/
ypt32 or sec4 mutant cells at nonpermissive conditions
(Fig. 2b and c), demonstrating that the suppressor function
is speciﬁc for the two GTPases Ypt1 and Ypt6 having a regu-
latory function in transport between the ER and the Golgi.
3.4. Fission yeast but not mammalian Sly1ps function in
S. cerevisiae
Although the related proteins, yeast Sly1p and neuronal
Sec1p/Munc18 have principally the same fold [14,16], the
region encompassing a20 and a21 appears to be Sly1-speciﬁc.
Sequence comparison of Sly1p homologues from diﬀerent
eukaryotes (Fig. 3) shows that while a21 is rather well con-
served, the sequence corresponding to a20 of S. cerevisiae is
highly conserved in all Saccharomycetes and well related in
other fungi, but it is signiﬁcantly diﬀerent in all other eukary-
otes. This is also true for the sequences preceding a20 which in
the 3D-structure of yeast Sly1p were disordered [14]. In multi-
cellular organisms from Caenorhabditis elegans to man, the
corresponding sequence is almost completely missing. There-
fore, we expressed in budding yeast either human, rat or S.
pombe SLY1 cDNA from low copy number (CEN) or multi
copy (2 l) vectors to examine whether the foreign proteins
could replace S. cerevisiae Sly1p. Interestingly, only S. pombe
Sly1p was able to allow the growth of sly1-6 mutant cells at
nonpermissive temperature (Fig. 4a,c) whereas human and
rat Sly1p could not, although the foreign proteins were well ex-
pressed in S. cerevisiae (Fig. 4b and d).
As shown in Fig. 3, residues of a20 corresponding to threo-
nine-531 and glutamic acid-532 in S. cerevisiae Sly1p are
strictly conserved in Saccharomycetes yeasts, but seem to be
equivalent to a threonine/aspartic acid motif in other fungi,
and are missing in higher eukaryotes. To enquire into the
importance of the TE/TD sequence element for the function-
ality and GTPase suppressor activity of yeast Sly1p, we
replaced the a20 helical region (527IYGLTEGKLQG537) in
S. cerevisiae Sly1p with the corresponding region (500FSSLST-
RFTDRFKEA514) from S. pombe Sly1p (Fig. 5a). The chime-
ric Sly1p was functional in budding yeast and, importantly,
single substitutions corresponding to those of the dominant
suppressors SLY1-15 or SLY1-20 led to Ypt1p and Ypt6p sup-
pressor activity as seen by the rescue of growth of ypt1 and
ypt6 conditional mutants (Fig. 5b and c). This indicates that
threonine followed by an acidic amino acid in a20 is indeed
a critical sequence element for the functional interplay of spe-
ciﬁc GTPases and Sly1 protein, at least in fungi. To this end,
we have also transplanted S. cerevisiae a-20 (G526-G537) into
human Sly1p in front of a21 without obtaining a functional
chimera (unpublished observations). Although an unfavour-able integration site of a20 (between G518 and L519) into hu-
man Sly1p may have been responsible for this failure, it is well
possible that other sequence changes in the course of evolution
caused the apparent species-speciﬁc functioning of this SM
protein.
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